Barley hordein was comparable to maize zein in antioxida tion under a powder model system. Various deamidated "hordein" preparations were obtained and examined for their molecular-size distri bution (by Sephacryl S-100 gel filtration), hydrophobicity (by fluores cence measurement using fluorescent probes) and antioxidative activity (by the ferric thiocyanate method). Deamidation caused fragmentation of the hordein molecule and simultaneously lowered its fatty acid-binding capacity rather than its surface hydrophobicity. Then, the antioxidative activity diminished with increasing deamidation. When the fatty acid binding capacity was plotted against the antioxidative activity, a high correlation (r2=0.92) was observed between these two events. Key Words barley hordein, deamidation, antioxidation, fatty acid-bind ing capacity
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Oxidative deterioration of unsaturated lipid-rich foods doesn't only lessen their tasty or nutritive value but also brings about toxicity in extreme cases. Food manufacturers make use of antioxidants and often package their goods under anaerobic conditions for prevention of possible trouble. The use of synthetic antioxidants such as butylhydroxyanisole and butylhydroxytoluene tends to be recently avoided because of a doubt upon their safety for health (1, 2) . Instead, much interest has been directed toward the development of natural and more safe antioxidants; for example, amino acids (3, 4) , peptides (5), proteins (6) and so on (7, 8) . Among such promising foodstuffs are cereal prolamins represented by wheat gliadin (9) and maize zein (10) . It is generally accepted that deamidation of these proteins leads to an increase in their solubility or emulsification, and thereby to an extention of use for food materials. There are, however, only a few investigations on the possible role of amide bonds in antioxidation.
This paper deals with the antioxidative activity of barley hordein as a member of these prolamins and its related significance to amide bonds. deamidation-caused changes in molecular-size distribution on Sephacryl S-100 gel filtration. A major peak at the high molecular fraction was characterized as hordein protein. The more the deamidation proceeded, the more the peak compo nents changed into ones of smaller molecular sizes. A similar change in molecular size (i.e., fragmentation of hordein) was ascertained by SHS-polyacrylamide gel electrophoresis as well (data not shown). In this connection, various deamidated hordein preparations were examined for their structural changes, mainly from physicochemical aspects, using fluorescent probes or other means. Figure 3 depicts a relationship between the "deamidation degree" calculated from ammonia release and "surface hydrophobicity" mediated by ANS adsorption. Several hordein preparations with advanced deamidation tended to emit a somewhat high fluorescence relative to poorly deamidated ones, so that a straight line with a fair coefficient (r2=0.33) was obtained. Alternatively, another fluorescent probe, "DPH," was applicable to the assessment of fatty acid-binding capacity because of its nonpolarity. In Fig. 4 , the fluorescent intensity of DPH attached to six couples of deamidated hordein preparations was plotted against their corresponding deamidation degrees. As a result, a good correlation held between deamidation and hydrophobicity, or rather fatty acid-binding capac ity (r2=0.88).
It has been reported for some time that the tocopherol content in maize zein is intimately involved in its elicitation of antioxidation at moderate RH (20) . Figure  5 shows the results of examining changes in antioxidation at early stages under severe conditions of barley hordein washed with various organic solvents (left) and six kinds of hordein preparations different in deamidation (right). The washing treatments didn't give rise to the propagation of peroxidation such as that observed for the control "starch sample," implying that neither tocopherols nor similar concomitants are responsible for the antioxidation of hordein. On the contrary, the peroxide value (strictly speaking, absorbancy at 500nm) increased more or less time-dependently as well as in proportion to the degree of deamidation. Accord ingly, a series of measured values at 3h of incubation were correlated to their respective fatty acid-binding capacities with regard to the six kinds of hordein preparations different in deamidation. The regression line given in Fig. 6 proved a high correlation between these two events (r2=0.92). tion on what food protein is most effective in antioxidation. We believed it to be a mixture of cereal prolamin and a long-chain fatty acid because their solubility in aqueous alcohol might be converted to so-called "microcapsules" that withstand oxidative deterioration by means of spray-drying. In practice, spray-dried "pro lamin" powders inclusive of linoleic acid kept much longer at ordinary tempera tures without any deterioration (21) . Then, wheat gliadin was found to exhibit a more antioxidative effect than other food proteins did at high RH even under merely blended conditions (9) . Later on, Wang et al. (20) reported that maize zein was superior in antioxidation to wheat gliadin at moderate RH under similar conditions, and that its effectiveness was substantially attributable to concomitant "tocopherols ." Even so, its prominent antioxidative activity at high RH was maintained unchangeable irrespective of tocopherol deprivation (22) . These "prolamin" proteins are inherently water -insoluble and turn gummy through mois ture absorption. It thus seems possible that just such physical properties as characterized by abundant glutamine contents play a crucial role in antioxidation at high RH. On this analogy, cereal prolamins other than zein and gliadin ought to be effective in antioxidation by a similar mechanism that hasn't been exactly estab lished yet. Barley, except maize (zein), wheat (gliadin) and rye (secalin) , is the the provisional antioxidative activity, as expected, a high correlation coefficient was obtained from the regression line (Fig. 6) . A possibility that tocopherols may function as a primary antioxidant can be excluded by the finding that the washing treatments of hordein with several kinds of organic solvents scarcely lowered its antioxidative activity (Fig. 5) . In addition, it seems unlikely that fiavonoids are kept back in hordein, because the protein in preparing it has not only been extracted with 70% ethanol but also adequately dialyzed against the same solvent. Even if residing there, there would be no contact with unsaturated fatty acid because of their segregation within the deep structure.
Quite a similar correlation between antioxidative activity and fatty acid-binding capacity has been observed for zein preparations with different deamidation degrees (27) . These observations convinced us of the hypothesis that the vacant spaces of prolamin particles are important for antioxidation. In any case, further investiga tion is required to elucidate the mechanism of antioxidation and its practical application to food storage.
